Culturing has detected vaginal Staphylococcus aureus in 10%-20% of women. Because growth mode can affect virulence expression, this study examined S. aureus-biofilm occurrence in 44 paired-tampon and vaginalwash-specimens from 18 prescreened women, using fluorescent in situ hybridization (FISH). All 44 specimens were also analyzed for S. aureus by standard culturing on mannitol salt agar, which produced positive results for 15 of the 44 specimens. FISH detected S. aureus cells in all 44 specimens, and S. aureus biofilm was observed in 37 of the 44 specimens. Independent confirmation of the presence of S. aureus in specimens from all 18 women was also obtained by amplification, via polymerase chain reaction, of an S. aureus-specific nuclease gene. The results of this study demonstrate that S. aureus biofilm can form on tampons and menses components in vivo. Additionally, the prevalence of vaginal S. aureus carriage may be more prevalent than what is currently demonstrated by standard culturing techniques.
nated "TSST-1" and previously known as "enterotoxin F" and as "pyrogenic exotoxin C"), the toxin usually responsible for mTSS [5] [6] [7] . It is believed that mTSS develops from a site of colonization rather than from infection [8] and that the nares and genitals (specifically the labia majora) are the common locations of carriage [2, 9] . Little is known, however, about surface colonization by S. aureus on either tampons or menses components. The rate of commensalism of S. aureus in the vagina has been reported to be higher during menses, possibly because of the altered levels of iron, pH, oxygen, carbon dioxide, redox potential, and/or osmolarity. These parameters affect not only the total number of bacteria but also the number of colonizing species [4, 10, 11] and gene expression [12] .
The mode of growth of an organism-that is, whether it exists as planktonic individual cells or as surfaceattached biofilm clusters-can have significant effects on many bacterial behaviors, including the expression of virulence factors and antimicrobial susceptibilities [13] [14] [15] . Thus, knowledge about the mode of growth of an organism can provide considerable insight into how that organism senses and responds to its environment. Likewise, an appreciation of the unique and mutable environments presented by humans as bacteri-al hosts will lead to an understanding of the complex mechanisms of host/pathogen interactions. Acquisition of accurate carriage and epidemiological data could enable better prediction of conditions leading to bacterial disease and also could help guide strategies to prevent or alleviate such diseases. Much of the current understanding of the resident vaginal microflora has been determined by basic culturing and biochemical techniques [16] . These techniques are often selective, because of their dependence on generic growth conditions. In addition, these culturing methods are time-consuming, may significantly alter the phenotypic expression of the organism, and cannot detect nonculturable or stressed organisms [16] . Cultureindependent techniques such as nucleic acid-based methods have the ability to circumvent many of these limitations, yet they are still underused in many clinical investigations.
Fluorescent in situ hybridization (FISH) is a culture-independent, RNA-DNA hybridization technique that has been used to visually identify and to study spatial distributions of bacteria at various phylogenetic levels in diverse ecological settings [17] [18] [19] [20] [21] [22] . The realization that both conserved and hypervariable regions in rRNA could be used as phylogenetic markers has led to the development of this technique [23] . Both 16S rRNA-and 23S rRNA-targeted, fluorescently labeled oligonucleotide probes have been designed that allow microscopic visualization of bacteria at various phylogenetic levels and that provide information about the cells' mode of growth [24, 25] . For example, planktonic cells should generally appear as discrete units not associated with a solid substratum, whereas biofilm bacteria should appear in surface-attached cell clusters. FISH is quickly becoming an extensively used cytochemical staining technique because of its specificity, sensitivity, versatility, and cost-effectiveness [26] .
The present study used FISH for the detection of S. aureus in clinical tampon and clinical vaginal-wash samples from healthy, menstruating women, in an attempt to observe phenotypic modes of growth of S. aureus in the vagina during menstruation. Culturing, polymerase chain reaction (PCR), and DNA-sequencing methods were also used to confirm the presence of S. aureus, enabling a comparison of the sensitivity of the various methods applied to the same specimens.
SUBJECTS, MATERIALS, AND METHODS
Clinical-study design. All participants in the present study were healthy women 18-45 years old who resided in Arizona, had a menstrual cycle of 21-35 days, and were menstruating (day 2, 3, or 4 of the menstrual cycle) at the time of sampling. In addition, the subjects did not meet any of the exclusion criteria (see the Appendix). Thus, 138 women were reviewed (visit A) for eligibility to participate in this partial, single-blind study. Of the 117 women subsequently screened for the presence of S. aureus (by culture from a vaginal swab administered during visit B; table 1), 18 (10 culture negative and 8 culture positive) were then selected to provide tampon and vaginal-wash specimens for analysis by FISH. These 18 women provided such specimens on either 1 occasion (visit C) or 2 occasions (visits C and D), resulting in the collection of 22 pairs of tampon and vaginal-wash specimens (table 1). All 18 subjects who provided specimens were monitored for the presence of vaginal S. aureus, by culturing on у2 occasions, to ensure that both culture-negative and culturepositive women were included in the study.
Informed consent was obtained from all volunteers who participated in the present study, according to the guidelines for clinical research that have been established by the US Department of Health and Human Services. In addition, the humanexperimentation guidelines of the authors' institutions were followed during the clinical research.
Sampling protocol. Paired specimens from each woman consisted of a tampon (Tampax Regular; Procter & Gamble) and a vaginal wash, both collected 3 h after tampon insertion on day 2, 3, or 4 of the menstrual cycle. Tampon and vaginal-wash specimens were immediately subsampled by use of sterile swabs (culturette tubes; Becton Dickinson), for standard culturing, to determine the presence of S. aureus. Immediately after being swabbed for culture analyses, the tampon and vaginal-wash specimens were placed in either 50%-70% ethanol or 2% formaldehyde, in sterile 50-mL centrifuge tubes, and were stored at Ϫ70ЊC until transported for initial FISH analyses.
Culturing protocol. Within 24 h after collection, swab subsamples of the tampon and vaginal-wash specimens were streaked on mannitol salt agar (Difco) and were incubated aerobically overnight at 37ЊC. Identities of presumptive S. aureus isolates were confirmed at Hill Top Research, Inc., by the Staphaurex slide coagulation test (Murex Diagnostics) and Gram stain, and were reconfirmed by the State of Montana Veterinary Diagnostic Laboratory, by the Analytical Profile Index (API)-staphylococcus and API-streptococcus tests (bioMerieux Vitek).
Sample preparation. The outermost fibers from whole, formaldehyde-fixed tampons were aseptically removed from the sides of the tampon and from the end proximal to the cervix and were placed in filter-sterilized, deionized water. These fibers were used because preliminary experiments had revealed a dramatic decrease in both human and bacterial cells on interior parts of exposed tampons (data not shown). The fibers were teased apart with sterile tweezers and were excised with a sterilized razor blade, were rinsed once with filter-sterilized, deionized water, and then were placed in 25 mL of lysostaphin (100 mg/mL) (Sigma) for 10 min at 37ЊC, to permeabilize fiberassociated bacteria. Preliminary experiments were conducted to ensure that, under these treatment conditions, optimal cell permeabilization was achieved without cell lysis. Fibers were figure 1 ).
then washed twice in 500 mL of filter-sterilized, deionized water for 5 min and subsequently were hybridized in suspension in microcentrifuge tubes.
Vaginal-wash specimens stored in 50%-75% ethanol (30-50 mL) were concentrated by centrifugation (4600 g for 10 min at 4ЊC) and were washed 2 times with 1.5 mL PBS, 2 times with 1.5 mL filter-sterilized, deionized water, and 3 times with 1.5 mL of 50% ethanol (with a 20-min incubation step between each centrifugation). The pellets were then resuspended in 1-4 mL of 80% ethanol. Cell suspensions were dried onto multiwell printed microscope slides (Erie Scientific), were permeabilized by being covered with lysostaphin solution, as described above, and then were gently rinsed with filter-sterilized, deionized water. Bacterial cultures used as control samples for FISH analyses were harvested from growth media, were repeatedly washed in filter-sterilized, deionized water, were stored in 80% ethanol, and then were treated as has been described above for the vaginal-wash specimens.
FISH probes. To complement a previously published 16S rRNA-targeted, S. aureus-specific probe (Saur72; Escherichia coli bp 72-93 [5 -AGAGAAGCAAGCTTCTCGTCCG-3 ]) [27] , an additional 23S rRNA-targeted, S. aureus-specific probe (Saur327; E. coli bp 327-349 [5 -GATTCGTCTAATGTCGTCCTTTG-3 ]) was designed and validated, as part of the present study. The 23S rRNA-targeted probe, Saur327, specific for S. aureus was designed by use of the GenBank database of the National Center for Biotechnology Information [28] . The Basic Local Alignment Search Tool (BLAST) was used to identify a 23-bp DNA sequence, putatively unique to S. aureus, within a 23S rRNA variable region that had previously been shown to afford species-level identification of another Gram-positive bacterium, Enterococcus faecalis [25] . In addition to the theoretical S. aureus specificity that the GenBank database suggested for probe Saur327, empirical specificity of Saur327 was validated by use of 5 strains of S. aureus, 14 strains of other staphylococci, 1 strain of Micrococcus luteus, and 2 species of lactobacilli (table 2). A bacterial domain-level, 16S rRNA-targeted probe (EUB338; E. coli bp 338-355 [5 -GCTGCCTCCCGTAGGAGT-3 ]) [25] and a nonsense probe (anti-Saur835; no target; 5 -AGTGCTAAGTGTTAGGGGGT-3 ) were used as positive and negative control probes, respectively, throughout the validation and specificity testing of Saur327. Similarly, the S. aureus specificity and signal strength of Saur72 were confirmed empirically by testing it against 5 strains of S. aureus, Staphylococcus epidermidis, Streptococcus gordonii (CH1), Streptococcus mutans, Pseudomonas aeruginosa, M. luteus, and Enterococcus faecalis. 
Micrococcus luteus (unknown) Not tested + Ϫ Ϫ NOTE. +, Significant fluorescent signal; Ϫ, negligible fluorescent signal.
All DNA probes were custom synthesized, fluorescently conjugated, and purified commercially, by Integrated DNA Technologies. All probes were 5 -labeled with either fluorescein isothiocyanate (FITC), Cy3, or Cy5 (Amersham Biosciences). Specifically, these fluorophores were conjugated by a reaction with the 5 -terminal hydroxyl group and formation of a covalent ether linkage with the 5 -terminal nucleotide.
FISH protocol. Hybridizations were performed in triplicate for each clinical specimen, according to the procedure used by Manz et al. [29] and described in detail by Neef et al. [30] , by use of 40% formamide. In brief, hybridizations were conducted for у2 h at 46ЊC, in 10-48 mL of hybridization buffer consisting of 0.9 mol NaCl, 0.02 mol Tris-HCl (pH 7.6), 40% formamide (vol/vol), 0.01% SDS (wt/vol), and 5 ng each probe/mL. All samples were hybridized with both probe Saur72 and probe Saur327 simultaneously, with each probe being labeled with either Cy3 or Cy5 and with the 2 probes combined such that each was always distinguishable from the other. Tampon-fiber samples were hybridized with a third probe present, EUB338-FITC, to serve as a counterstain for all bacteria. Immediate posthybridization washing was conducted for 15-30 min at 46ЊC, by submersion in 0.5-50 mL of preheated washing buffer consisting of 0.05 mol NaCl, 0.02 mol Tris-HCl (pH 7.6), and 0.01% SDS (wt/ vol). After being washed, samples were rinsed or were soaked gently for a few minutes in filter-sterilized, deionized water and then were allowed to air-dry in darkness on a glass microscope slide. In all cases, tampon fibers were transferred between hybridization/wash solutions by sterile forceps. Nonfiber samples were counterstained with 4,6-diamidino-2-phenylindole dihydrochloride (DAPI) (Sigma), applied at 1 mg/mL, for 10 min at room temperature in darkness and then were rinsed, and the slide was air-dried again before being observed microscopically.
FISH controls and baseline (blank) samples. One of the vaginal-wash S. aureus cultures isolated in the present study served as the positive control sample, and various non-S. aureus cultures were used as negative control samples, for all FISH assessments of clinical specimens. To obtain baseline blanks for determination of autofluorescent characteristics of the processed specimens, subsamples of tampon and vaginal-wash specimens were prepared and hybridized as described above, but with no probes and counterstain added to the hybridization incubation.
Additional positive controls for all FISH analyses of tampon fibers involved unused tampon fibers that were first soaked in ethanol and that then were rinsed in filter-sterilized, deionized water for 10 min. The control fibers were then transferred into 3 mL of tryptic soy broth, were inoculated with S. aureus, and were incubated overnight at 37ЊC without being shaken. After being incubated, the fibers received 2 20-min washes in 50% ethanol before being stored in 80% ethanol and hybridized as has been described for the clinical tampon samples. All vaginalwash specimens were reanalyzed in a separate location by a second technician using similar FISH procedures, to confirm the presence of S. aureus.
Microscopy. Samples hybridized with FITC-labeled probes were mounted in 1 of the following antifade mounting solutions: ProLong antifade (Molecular Probes), VECTASHIELD mounting medium (Vector Laboratories), or component C of a LIVE/ DEAD BacLight bacterial-viability kit (Molecular Probes). Microscopic observations of the hybridized vaginal-wash and tampon samples were conducted by use of several different research-grade, epifluorescent microscopes, all equipped with high-numerical-aperture 100ϫ and 60ϫ oil-objective lenses, a charge-coupled device, and filter sets allowing separate viewing of DAPI, FITC, Cy3, and Cy5 color-emission ranges. For each field of view, a bright-field image, as well as 1 fluorescent image from each of the 4 filter sets, was observed. Because each sample was labeled with only 3 of the 4 color-emission ranges used, the 1 remaining color/filter set (i.e., DAPI [blue] or FITC [green]) was used to check for broad-spectrum autofluorescence.
FISH image-interpretation criteria for clinical specimens. Three criteria were used for identifying an individual object as an S. aureus cell: (1) the autofluorescence check resulted in a blank image; (2) the object had a coccoid cell shape during bright-field observation; and (3) the object was positive for у2 of 3 possible fluorescent signals (i.e., counterstain, Saur327 probe, and Saur72 probe). In addition, a given hybridization was first validated on the basis of its having met the following 3 criteria: (1) similar objects were absent from the baseline blank sample; (2) the negative control culture produced negligible fluorescence; and (3) the positive control sample displayed significant probe-specific signals.
Each sample received replicate assays. Specimens were deemed positive for S. aureus if it was detected in у3 fields of view, according to the above criteria; specimens were deemed negative for S. aureus if no cells meeting the aforementioned criteria were observed after 4 valid replicate hybridizations were examined at high magnification. The arbitrary criterion established for identification of S. aureus biofilm was an observation of у7 S. aureus cells clustered in a surface-attached structure. In contrast, S. aureus-biofilm flocs were defined as unattached S. aureus cell clusters. Individual unattached, unclustered S. aureus cells were considered to be planktonic.
PCR confirmation protocol. To confirm the presence of S. aureus in specimens from the 18 participants in the present study, PCR was used to detect an S. aureus-specific DNA sequence in the thermostable nuclease (nucA) gene [31] . The uniqueness of this nucA gene to S. aureus has been established both in previous research, by comparisons of DNA sequences versus those in the existing bacterial-genomic database (GenBank), and in the present study, by testing of 2 relevant staphylococcal species as negative controls. All 22 vaginal-wash samples, 1 tampon sample, and positive (S. aureus) and negative (Staphylococcus saprophyticus and Staphylococcus epidermidis) control cultures grown overnight at 37ЊC on blood agar were analyzed by PCR.
The selection of PCR primers was based on a published assay shown, by PCR amplification of the nucA gene, to be highly specific for S. aureus detection [31] . The forward (nucA1) and reverse (nucA2) primers, which were custom synthesized and DNA was extracted from the control cultures, from the 22 vaginal-wash samples, and from 1 tampon sample that previously had been analyzed by FISH. Before the DNA was extracted, the specimens were centrifuged at 10,000 g for 15 min at 4ЊC, to pellet the bacterial cells. The supernatant was discarded, and the pellet was washed with 500 mL of 10 mmol Tris-HCl buffer (pH 8) and was centrifuged at 10,000 g for 5 min, and the resulting supernatant was decanted. This procedure was repeated with an additional 500 mL of buffer, with the cells being given a final resuspension in a minimal volume of buffer. For specimens forming a large cell pellet, the cells were resuspended in 500 mL of buffer, a 100-mL aliquot of which was used for DNA extraction; for specimens with a small pellet, the entire pellet was used for DNA extraction. Genomic DNA was extracted by use of an UltraClean DNA blood-spin kit (MO BIO Laboratories).
PCR was performed on an MJ Research DNA thermocycler (engine model PTC-225) using 5 mL of template DNA, as described above. A Platinum Quantitative PCR SuperMix containing 1.5 U of Taq DNA polymerase, 200 mmol of each dNTP, 20 mmol Tris-HCl (pH 8.4), 50 mmol KCl, and 3 mmol MgCl 2 was combined with 0.4 mmol of each primer, in a 50-mL reaction. After an initial denaturation step for 2 min at 95ЊC, cycling conditions were as follows: 40 cycles of 30 s at 95ЊC, 1 min at 62ЊC, and 1 min at 72ЊC. After cycling was completed, there was a holding period of 15 min at 72ЊC. The resulting amplified PCR product was run on 2% agarose E-gels (Invitrogen Life Technologies), for 30 min at 60 V. The resulting ethidium bromide-stained DNA bands were visualized by use of a Fluor-S Imaging System (Bio-Rad Laboratories), under standardized exposure settings. A specimen was considered positive if a single band of ∼279 bp was observed. Images of PCR- For confirmation of the correct band sequence, a representative PCR amplicon was prepared for DNA capillary sequencing using a Beckman Dye Terminator Cycle Sequencing Quick Start Kit (Beckman Coulter) and the original PCR primers. The resultant PCR products were then analyzed by use of a CEQ2000XL capillary DNA sequencer (Beckman Coulter). To confirm its identity with a sequence in the nucA gene, the output sequence was then compared, by a BLAST search, with DNA sequences in GenBank. Table 1 summarizes the culture-testing results for the 3 visits in which either only vaginal swabs were used for culturing (visit B) or both tampon and vaginal-wash samples were sampled for culturing (visits C and D). The culturing results from visit B ensured that both culture-positive and culture-negative women were included in the study. Interestingly, of the 8 women who were culture positive at visit B, 6 were culture negative for the tampon samples taken during visit C, and 2 of these 6 were also culture negative for vaginal-wash samples taken during visit C. Conversely, 1 woman who was culture negative during visit B was culture positive for both tampon and vaginal-wash samples taken during visit C. Although only 4 women were sampled again during visit D, again the culturing results were inconsistent; for example, 2 women who were culture negative for the tampon samples taken during visit C were culture positive for the tampon samples taken during visit D, and 1 woman who was culture positive for both tampon and vaginal-wash samples taken at visit C was culture negative for both tampon and vaginal-wash samples taken during visit D.
RESULTS
Results of validation testing of the 23S rRNA-targeted probe, Saur327, designed in the present study are presented in table 2. The bacteria-domain probe, EUB338, consistently produced strong fluorescent signals and thus performed well as a positive control in all validation hybridizations. Also, the nonsense probe, anti-Saur835, served as an adequate negative control for nonspecific binding, since it failed to produce a significant fluorescent signal in any of the species tested. Hybridizations with the 23S rRNA-targeted, S. aureus-specific probe, Saur327, designed in the present study resulted in easily observed fluorescent signals from all 5 strains of S. aureus tested. In addition, the Saur327 probe yielded no false-positive signals when tested against the other staphylococcal species and genera included in the present study.
FISH analysis identified S. aureus in all 22 clinical tampon specimens and in all 22 vaginal-wash specimens (table 3) . A second independent set of FISH experiments were further confirmed by PCR amplification of the S. aureus-specific nucA gene in 21 of the 22 vaginal washes ( figure 1 and table 3) ; and, when the tampon specimen associated with the 1 vaginal-wash specimen in which S. aureus was not detected by PCR of the nucA gene was itself evaluated by PCR, it was positive. Sequencing of the PCR product from several vaginal-wash samples revealed a single sequence (not shown), and comparison of this sequence with that in the GenBank database confirmed detection of the nucA gene. Interestingly, whereas only 14 of the 44 samples were identified as S. aureus positive by culturing techniques, all 44 samples were so identified by FISH. In addition, PCR confirmed the presence of S. aureus in 22 of the clinical specimens (1 tampon specimen and 21 vaginal-wash specimens), representing all 18 women. Table 3 summarizes the results of culturing, FISH, and PCR analyses performed on the clinical specimens and provides details regarding the presence of S. aureus biofilm.
It is important to note that, in clinical specimens, only bacterial cocci were detected by the S. aureus-specific FISH probes (figure 2B and 2C), whereas bacterial rods and eukaryotic cells were also present and could be observed in counterstained and bright-field images (figure 3). Figure 3 depicts the efficacy of these probes to distinguish S. aureus cells in complex bacterial populations in vaginal-wash specimens. This figure also shows typical monochromatic images of a vaginal-wash sample probed with Saur327 and Saur72 and counterstained with DAPI; although erythrocytes displayed some autofluorescence, S. aureus biofilm is still easily identified in the upper-right corner of all 4 images.
In the present study, "biofilm growth" was defined as у7 bacterial cells clustered to form a surface-attached structure (figures 2A, 3, and 4); and it was the only parameter used to evaluate tampon fibers. In contrast, bacterial "flocs" were defined as including both detached portions of biofilm and possible intact cell clusters not necessarily originating from a surface-attached biofilm (figure 2B); the term was used only in the assessment of the vaginal-wash specimens, not in the evaluation of tampon fibers or fiber-wash samples. Individual random cells without structure were considered to be planktonic ( figure 2C) Figure 4 shows by far the most extensive S. aureus-biofilm cluster observed during the present study. This large clump of S. aureus biofilm was seen attached to a tampon fiber and is not considered representative of the S. aureus biofilms typically seen in the present study. However, it does demonstrate the degree to which S. aureus biofilm can, albeit only occasionally, develop within such specimens.
DISCUSSION
In the present study, the presence of a clinically relevant bacterial species, S. aureus, was assessed in healthy, menstruating women, by culture-independent molecular techniques (i.e., FISH and PCR), to detect possible biofilm growth on tampons and menses components. The study design also allowed these molecular techniques to be compared with traditional culturing methods, with regard to detection of S. aureus from the vaginal environment. FISH detected S. aureus in all 44 tampon and vaginal-wash specimens, including those from women shown to be culture negative. These results suggest that vaginal S. aureus carriage may occur at rates higher than those reported in previous studies, which used only culture-dependent techniques [3, 4, 32] . The FISH results were also confirmed by PCR analysis of samples from all subjects, providing additional support for the notion that S. aureus carriage may go undetected by culturing techniques. This type of result is not unique to the present study. For example, in 2 other reports, molecular techniques (e.g., reverse-transcriptase-PCR, PCR, and DNA sequencing) confirmed (1) the presence of active Haemophilus influenzae in culturenegative samples from patients with otitis media [33] and (2) the presence of Staphylococcus species and Streptococcus species in 2 cases of culture-negative patients with endocarditis [34] . Indeed, for at least the past decade, the term "viable but nonculturable" (VBNC) has seen increased usage in the literature, as a way to describe living bacteria that will not grow on either solid or liquid culturing media. Other bacterial species with relevance as human pathogens have also been shown to exist in the VBNC state. For example, in 1 study, Escherichia coli, Enterococcus faecalis, Salmonella typhimurium, and Yersinia enterocolitica remained in the VBNC state 56 days after in situ exposure to a polar marine environment [35] , and, in other experiments, Vibrio cholerae was capable of transforming into a VBNC state for у1 year [36] . In the former study, percentages of respiring E. coli and Salmonella typhimurium increased significantly after addition of nutrients, at all temperatures tested, indicating that nutrient availability, rather than temperature, limited enteric bacterial activity in this very cold environment. In the latter study, the VBNC state could also be induced in previously culturable cells by alteration of the growth conditions. Examination of the ultrastructure of these cells by transmission and scanning-electron microscopy clearly showed that the cells became smaller in size and changed from a larger, rod-shaped, to an ovoid or coccoid morphology, an observation indicative of the VBNC state, with the central region of the cells becoming compressed and surrounded by denser cytoplasm. Although VBNC has been associated predominantly with Gram-negative bacteria, traditional culturing techniques have documented both poor growth and isolation of subpopulations of S. aureus, known as "small colony variants" (SCVs) [37] . SCVs are purported to have defective electron-transport systems and to exhibit atypical phenotypic characteristics such as slow growth, decreased pigment formation, low coagulase, reduced hemolytic capabilities, alpha-toxin production, and less tissue damage [38, 39] . These studies convey the importance of understanding both how environmental factors may alter the physiology of colonizing bacterial species and how culturing techniques may mask the presence of viable pathogenic microbes. The inconsistencies in the culturing data from the present study (presented in table 1) also support this conclusion.
The vaginal environment represents a unique and complex niche in which pathogenic and commensal microbes are certainly exposed to cyclical changes in the human host [4, 10, 11] . Because bacteria may exist in different physiological or phenotypic states dictated by environmental factors [13] , we must now realize the limitations that standard culturing techniques have in assessment of the presence of specific bacteria in environments within the human body. For example, bacterial growth in biofilms has been shown to complicate culture-dependent diagnosis and treatment of urinary-tract infections [14] . Also, it has been observed that S. aureus can demonstrate variable growth when cultured from mucosal surfaces. S. aureus was isolated from ∼33% of mucosal cultures after incubation for 24-48 h; however, the number of positive cultures can be increased to ∼60% after incubation for 2-3 weeks (P. M. Schlievert, personal communication). A possible explanation may be that the normal microflora, including alphahemolytic streptococci and lactobacilli, could have been inhibiting S. aureus growth on the agar plates initially but that, because they died during extended retention of the plate, the S. aureus present in a VBNC state were allowed to start growing. Thus, consideration must always be given to the possible effects of a selective culturing medium such as the mannitol salt agar used in the present study. Although it may promote selective growth and subsequent isolation of S. aureus from certain environments, it also may impose additional stress on cells relocated from other environments, thereby reducing its sensitivity. The findings of the present study support the use of culture-independent techniques, such as FISH and/or PCR, to detect S. aureus cells in clinical specimens, since we found a broad discrepancy between culturable and FISH-detectable staphylococci (table 3) .
The results of the present study also demonstrate that the Saur327 probe can identify S. aureus cells within a microbial consortium in the complex matrices of clinical specimens. Sporadic bacterial autofluorescence was problematic in the early stages of probe testing, occluding observation of fluorescent hybridization signals. This periodically observed autofluorescence spanned the entire visible spectrum and resulted in protocol modifications such as repeated washing of the specimen and additional use of the Cy5 fluorophore, which has an emission-wavelength range above the visible spectrum.
Although in situ identification of specific bacterial cells within complex matrices and microbial consortia is an obvious goal of ecological studies [40] [41] [42] , the benefits of using FISH to achieve this are not always recognized. One of the most significant advantages afforded by FISH is that target-group specificity is controllable; that is, probes can be designed along a hierarchy of phylogenetic groupings, ranging from broad phyla to individual species [23] . In addition, researchers can minimize nonspecific binding, since the stringency of the hybridization is easily controlled by conditions of heat, salt, and denaturing chemicals (e.g., formamide); because no blocking steps are required, this results in a relatively quick and simple protocol, compared with many immunohistochemical procedures. The fact that probes can now be purchased from many supply companies specializing in routine DNA synthesis has resulted in inexpensive and easily accessible products of consistently high quality. Since current culturing methods are time-consuming, often requiring days for positive bacterial identification, the FISH technique, because of its speed, accuracy, and ability to detect nonculturable cells, is being further explored as a routine clinical diagnostic tool for the detection of pathogenic bacteria [43] [44] [45] [46] .
The results of the present study support previous observations of cell-adherent bacterial biofilm in vaginal-wash specimens [47] , demonstrating that S. aureus can be a component of such biofilms, both on vaginal tissues and on tampon fibers. The fact that S. aureus biofilm or cell clusters could be observed in the majority (37 of 44) of rigorously explored tampon and vaginal-wash specimens from healthy, menstruating women suggests that such a mode of growth may be common for S. aureus, although this organism was neither dominant nor ubiquitous in these types of samples. Human vaginal biofilms, even in the presence of potential pathogens such as S. aureus, should be considered as quite natural microbial communities. It is not the mere presence of a potential bacterial pathogen that is the most important or relevant consideration for the understanding of vaginal diseases-rather, it is how environmental and ecological factors control expression of virulence in pathogenic organisms. Our demonstration that S. aureus biofilm is common in menstrual vaginal specimens leaves open the possibility that factors involving biofilm-related-virulence expression may be relevant to vaginal diseases involving S. aureus.
